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Studies on simulator sickness take into account an increasing number of factors regar-
ding individual characteristics (e.g., gender, age, experience), testing time as well as
simulator testing conditions, to name a few. In addition to the symptoms of simulator
sickness expressed at the level of subjective indicators, it is also important to consider
physiological indicators. The present study was designed to test whether the use of a
fixed-base vs. full-motion simulator influences the severity of simulator sickness symp-
toms and changes in the level of oculomotor variables.

Twelve male subjects with age M=29.8, SD=4.26 participated in this study. Each subject
performed two 30-minute simulator tasks following the same route. Each of these tasks
was performed in different configuration of a truck simulator manufactured by ETC-PZL
Aerospace Industries: Condition 1 - fixed-base simulator, Condition 2 - full-motion
simulator. Eye movements were recorded during the simulator task. Additionally, the
SSQ questionnaire was filled out immediately after the simulator task and 1 h after
leaving the simulator.

The results show a higher level of most symptoms of simulator sickness under 2™ con-
dition (full-motion simulator). In the case of measurement immediately after comple-
ting the task on the simulator, there was an increase in oculomotor problems. On the
other hand, the measurement after 1 h also revealed a significant increase in nausea,
oculomotor and disorientation. Moreover, after 1 hour, a relationship between nausea
symptoms and oculomotor indices was found.
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Discussion and Results indicate the influence of simulator testing conditions on the occurrence of si-
Conclusions: mulator sickness symptomes. In addition, the relationship between variables measured
by the oculograph and subjective symptoms of simulator sickness was demonstrated.

The results obtained indicate changes in the sensitivity of physiological indicators and

are discussed in the context of the possibility of using simulators in the diagnosis and

training of selected functions.
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INTRODUCTION

Simulators are becoming increasingly popular
in driver and pilot training as well as in therapeu-
tic processes. In addition to the undoubted advan-
tages of using simulators, exposure to the condi-
tions created in simulators is associated with the
possibility of a number of ailments known as sim-
ulator sickness. Among the most commonly cited
complaints of simulator sickness are nausea, head-
aches and disorientation. These ailments, despite
the fact that they naturally subside over time, are
undoubtedly a situation that requires control, un-
derstanding and consideration when using simu-
lators. This happens for several reasons. Firstly,
the symptoms of simulator sickness can interfere
with the level of task performance in the simula-
tor. Secondly, symptoms of simulator sickness
can manifest as changes in physiological param-
eters and thus interfere with the measurement of
physiological variables. It is important to remem-
ber that during testing in simulators, a number of
physiological indicators are often recorded, which
are later analyzed, for example, in the context of
workload processes. Simulator sickness can af-
fect the level of these indicators and thus prevent
them from being interpreted as intended. Thirdly,
simulator sickness can negatively affect, admit-
tedly for a limited time, the performance of tasks
in natural conditions [1].

Among the conditions of the simulator test,
as a component with a potential impact on the
severity of symptoms of simulator sickness, both
those related to the motor stimuli generated by
the platform’s motion system and those related to
the type of visual stimuli should be pointed out.
For example, the team of Sharples et al. [11] con-
ducted a study in which they decided to test if the
severity of simulator sickness symptoms varied
under different conditions of virtual reality (HMD).
The results of the study showed that in 60 to 70
percent of cases, exposure to HMD was associated
with an increase in symptoms of simulator sick-
ness. Drexler [3], on the other hand, showed that
when using a car simulator, the greatest discom-
fort was observed on the oculomotor disturbance

dimension, followed by disorientation and the
least on the nausea dimension (SSQ profile —Dis-
orientation (D) > Oculomotor disturbances (O) >
Nausea (N)).

In addition to the type of visual stimulus pres-
entation, another factor considered in research
on simulator sickness is the presence of a motor
system responsible for generating motor stimuli
(fixed-base platform vs. full-motion platform). In
the case of testing in simulators with a fixed-base
platform, movement information is provided to
the examined person through visual information.
Full-motion platforms, on the other hand, are used
to increase the realism of the tests performed. In
simulators of this type, motion information is pro-
vided through both visual and motor stimuli [12].

Curry et al. [2] decided to evaluate differences in
the severity of simulator sickness between a fixed-
base and a full-motion platform (Six degrees of
freedom, 6 DOF). Analysis of the results showed
that the severity of simulator sickness symptoms
was higher for fixed-base platforms compared to
full-motion platforms. In contrast, the profile of
the individual SSQ subscales was the same in both
cases (D>0>N). Other studies, on the other hand,
indicate that when the perceived movement is
based on visual stimuli alone, as is the case with
fixed-base platforms, an increase in nausea in par-
ticular has been observed [7,8]. Stoner et. al. [12]
also note that the use of full-motion platforms may
not produce differences in the severity of simula-
tor sickness compared to fixed-base platforms, or
may even exacerbate the symptoms. Since the re-
sults of previous studies do not conclusively indi-
cate whether the use of motion stimuli and under
what conditions is a provoking factor in the onset
of simulator sickness, research on the effect of the
type of simulated motion on the symptoms of
simulator sickness must continue [13].

Thus, in the study conducted in the paper, we
were interested in:

1. whether the use of a full-motion vs. fixed-base
platform in a simulator affects the severity of
symptoms of simulator sickness;
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2. whether the use of a full-motion vs. fixed-base
platform in the simulator affects the oculomo-
tor activity recorded during the test; and

3. whether changes in oculomotor activity are
translated into subjectively perceived levels of
simulator sickness.

METHODS

The participants in the study included 12 males
aged M=29.8, SD=4.26. The examined persons
had no prior experience in performing any tasks
in simulators. The research has received approval
from the Ethics Committee at the Military Institute
of Aviation Medicine.

The study used a truck simulator manufactured
by ETC-PZL Aerospace Industries [4]. The simulator
was built on the basis of a fully equipped, air-con-
ditioned cabin of a modern Mercedes-Benz Actros
truck. The cabin was mounted on a full-motion plat-
form with six degrees of freedom, making it possi-
ble to change the position of the simulator cabin
along and around the longitudinal, transverse and
vertical axes. The simulated image of the road en-
vironment was projected onto a cylindrical screen
with a radius of 4.1 meters, a field of view of 180°
horizontally and 40° vertically. The display frequen-
cy was 60 Hz. The image was located at a distance
of 4.03 meters from the subject’s head, in a straight
line. The simulator made it possible to follow the se-
lected driving route using an automatic transmis-
sion, and a system of cameras installed in the cabin
allowed for real-time observation of both the road
environment and the driver’s behavior while driv-
ing. A detailed description of the simulator is pro-
vided in paper [4].

To investigate changes in oculomotor activ-
ity and their relationship to reported severity of
simulator sickness symptoms, the following ocu-
lomotor indices were recorded using a JazzNovo
oculograph (JAZZ-Novo Ober Consulting, Poznan,
Poland) [9]:

- saccade duration - the time it takes for the eye
to make a movement and switch from one fixa-
tion point to the next. It is assumed that during
the movement of the eye its acceleration can be
as high as 500 angular degrees per second, so
as a rule the duration of a saccade is a few tens
of milliseconds, not exceeding 100 ms. The me-
dian of all saccade times was used as an indica-
tor of saccade time in the data analysis;

- fixation time - the time during which the exam-
ined person kept their eyes on a given element
of the task;

— DSF indicator — a measure of the saccadic and
fixation intensity (ISF), which describes the re-
lationship between the sum of the times of all
the saccades and the sum of the times of all
fixations made during individual tasks. The DSF
index, calculated from the time parameters of
saccades and fixations, is expressed by the for-
mula: DSF(i) = TS(i)/TF(i), where: TS - total dura-
tion of saccadic movements in the studied time
interval; TF — total duration of fixations in the
studied time interval; (i) — number of the stud-
ied sample.

Some studies indicate that reductions in ISF may
be related to changes in the complexity of tasks
performed and thus reflect the level of workload
experienced by the examined person [6,10]. Very
low ISF values (close to or reaching zero) may indi-
cate “spacing out” or a mental blackout associated
with CNS hypoxia, e.g., due to exposure to acute
hypoxia or the action of overloads exceeding the
system’s compensatory capacity (these situations
predominantly involve activities of a pilot). In turn,
an increase in the ISF level may indicate an increase
in visual data collection from the environment
and, in the case of tasks performed in a simulator,
a switch of attention between tasks presented in
the central and the peripheral field of view.

The SSQ was used to assess the severity of sim-
ulator sickness symptoms, which is currently the
most widely used measure for subjective assess-
ment of simulator sickness symptoms [5]. The SSQ
consists of four scales: nausea (N), oculomotor dis-
turbances (0), disorientation (D) and SSQ score (T).

Procedure

Each subject performed two 30-minute simula-
tortasks, following the same route, under the same
visual conditions. The only difference between
the two studies was that one was performed with
the motion platform turned off (fixed-base), while
the other was performed with the motion plat-
form running (full-motion). The conditions of the
study were randomized. The severity of simulator
sickness symptoms was measured at two points
in time: 2 minutes after completion of the test in
the simulator and 1h after completion of the test
in the simulator. The measurement after 2 min-
utes was to refer to the direct effect of the test
conditions in the simulator on the aspects under
study and the measurement 1h after the simula-
tor task was completed was to refer to deferred
changes over time. Oculomotor activity was re-
corded continuously while performing the task in
the simulator.
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Statistical analysis

Changes in values in each of the four SSQ sub-
scales (N, O, D and T) were analyzed using a Stu-
dent’s t-test, comparing data recorded during the
experiment in a fixed-base and full-motion simu-
lator. These tests were conducted separately for
data recorded 2 and 60 minutes after the test in the
simulator was completed. Secondly, the analysis
was performed of correlation between SSQ values
(N, O, D and T) and oculographic indicators (DSF
indicator, fixation time and saccades duration). This
analysis was carried out only for the full-motion
simulator condition. The statistical package PASW
19 (formerly SPSS) was used for all analyses.

RESULTS

Table 1 shows the values of simulator sickness
symptom severity and eye movement parameters
during exposure in the simulator without a mov-
ing platform and with a moving platform. The val-
ues shown are for the measurement immediately
after completing the task in the simulator, as well
as those taken 1 h after completing the task in the
simulator.

Pairwise comparisons for dependent samples
between test conditions, at the point just after the
task was completed, are shown in Table 2. As can

be seen, a significantly higher level of visual im-
pairment (oculomotor) was observed in the con-
ditions of a full-motion platform p=0.023. On the
other hand, for variables such as disorientation
and total SSQ, higher values were observed for
full-motion platform, but these differences take
the value of statistical trend, p=0.075 for the diso-
rientation variable and p=0.068 for the total SSQ.
The above comparisons concerned SSQ meas-
urements taken just after the task was completed
in the simulator. Since the SSQ measurement was
also taken 1 h after the completion of the task in
the simulator, pairwise comparisons for the de-
pendent samples for this measurement are also
shown below. As shown in Table 3, significantly
higher levels of nausea-related disorders occur
after performing a task in a simulator with a full-
motion platform (p=0.01). Similarly, higher simula-
tor sickness symptoms were found for oculomotor
(p=0.07) and disorientation (p=0.06) symptoms.
The final element in the analyses of the results
was to evaluate the relationship of the individual
oculomotor indicators recorded under each test
condition in the simulator and the SSQ values
measured just after the task in the simulator and
after 1 h. Detailed analysis data is presented in Ta-
ble 4. It turns out that nausea symptoms correlate
negatively with the value of the DSF indicator and

Table 1. Descriptive statistics for eye movement parameters and SSQ subscale values with measurement conditions.

Simulator configuration Time of measurement

S$SQ subscale

Descriptive statistics

M SD

fixed-base platform 2 minutes after the task on the nausea 31.01 45.68
simulator

oculomotor 27.16 33.50

disorientation 40.60 68.31

total SSQ 36.47 51.83

1 h after the task on the nausea 13.52 18.84
simulator

oculomotor 17.69 18.66

disorientation 23.20 3427

total SSQ 20.26 23.94

during the simulator test DSF indicator 0.226 0.060

saccades duration 66.95 6.203

fixation time 314.09 76.22

full-motion platform 2 minutes after the task on the nausea 48.49 39.95
simulator

oculomotor 53.69 35.03

disorientation 71.92 63.61

total SSQ 64.82 47.80

1 h after the task on the nausea 28.62 2191
simulator

oculomotor 41.06 30.05

disorientation 44.08 52.03

total SSQ 4332 35.85

during the simulator test DSF indicator 0.228 0.041

saccades duration 67.08 4.044

fixation time 301.78 42.16
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Table 2. Comparisons of SSQ values measured immediately after completion of the task in the simulator depending on
the type of simulator (fixed-base vs full motion simulator).

Simulator configu-

SSQ subscale ration M SD tvalue p (one tailed)

fixed-base 31.00 45.68 -1.04 160

nausea
full motion 4849 39.95
fixed-base 27.16 3351 -2.23 023
oculomotor

full motion 53.69 35.03

fixed-base 40.60 68.31 -1.47 .075
disorientation

full motion 71.92 63.61

fixed-base 36.47 51.82 -1.61 .068

total SSQ
full motion 64.82 47.79

Table 3. Comparisons of SSQ values measured 1 h after completion of the task in the simulator depending on the type

of simulator (fixed-base vs full motion simulator).

Simulator configu-

SSQ subscale ration M SD tvalue p (one tailed)

fixed-base 13.52 18.84 -2.65 0.01

nausea
full motion 28.62 31.91
fixed-base 17.69 18.66 -2.88 0.07
oculomotor

full motion 41.06 30.05

fixed-base 23.20 34.27 -1.66 0.06
disorientation

full motion 44.08 52.03

fixed-base 20.26 23.95 -2.55 0.13

total SSQ
full motion 4332 35.85

Table 4. Summary of the analysis of correlation between SSQ values and oculographic indicators (full motion simulator).

Time of measurement SSQ subscale

DSF indicator

saccades duration [s] fixation time [s]

nausea -403 -293 423
oculomotor -212 -126 276

immediately after driving
disorientation -343 -.201 418
total SSQ =331 =213 .388
nausea -.588* -436 .695%
oculomotor -332 -222 451

1 h after driving

disorientation -261 -153 397
total SSQ -380 -.256 .508

positively with average fixation time. These rela-
tionships apply only to full-motion conditions and
the measurement of SSQ 1 h after the completion
of the task in the simulator.

DISCUSSION AND CONCLUSION

The results of the present study indicate that
a significantly higher severity of simulator sickness
symptoms related to oculomotor disturbances
was observed in full-motion conditions. However,
in the case of disorientation and total result, the
differences were at the level of statistical trend,
also indicating an increase in symptoms when
using the full-motion platform. It is worth noting
the differences in symptoms of simulator sickness
between the full-motion and fixed-base platforms

1 h after the completion of the simulator task. It
turns out that at that time both symptoms deter-
mined on the oculomotor, nausea and disorien-
tation scales had significantly higher levels after
exposure to full-motion conditions compared to
fixed-base conditions. Simulator sickness profiles
for both platforms were similar and expressed as
follows: D>O>N. Only in the case of fixed-base
platforms immediately after the examination,
the simulator sickness profile was D>N>O. This
may mean that the changes in nausea were more
abrupt while in oculomotor disturbances they per-
sisted for a longer period of time. In contrast, the
severity of disorientation symptoms was highest
in the context of both measurement time and the
type of platform used. Among a number of oculo-
graphic indicators, the mean fixation time as well
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as the value of the DSF index were significantly as-
sociated with nausea symptoms. This relationship
was only related to the measurement of nausea 1
h after completing the task in the simulator.

In summary, the results of the presented study
confirm that simulator sickness can be a significant
problem in the use of simulators, as expressed in
the severity of nausea, disorientation and oculo-
motor complaints. It is widely accepted that the
use of a full-motion platform can, by better re-
flecting natural conditions, reduce the symptoms

of simulator sickness and increase the realism
of the tasks performed. The results obtained in
this study indicate that in conditions with a full-
motion platform, not only is an increased severity
of symptoms of simulator sickness observed, but
also that this may be related to changes in ocu-
lomotor activity during simulator tasks. Thus, the
introduction of a full-motion platform can be an
additional source of conflict at the level of per-
ceived stimuli. Similar problems are pointed out
by Stoner et al. [12].

AUTHORS’ DECLARATION:

Study Design: Marcin Biernacki. Data Collection: Marcin Biernacki. Manuscript Preparation: Mar-
cin Biernacki. The Author declares that there is no conflict of interest.

REFERENCES

1. Brooks JO, Goodenough RR, Crisler MC, Klein ND, Alley RL, Koon BL, et al. Simulator sickness during driving simulation
studies. Accid Anal Prev. 2010; 42:788-96.

2. Curry R, Artz B, Cathey L, Grant P, Greenberg J. Kennedy SSQ results: fixed vs. motion-base ford simulators. Driving Simulation
Association. Proceedings of the Driving Simulation Conference. Paris, France; 2002. 289-300 p.

3. Drexler JM, Science U of CFC of E and C, Systems U of CFD of IE and M. Identification of System Design Features that Affect
Sickness in Virtual Environments. [doctoral dissertation]. Orlando (Florida), US: University of Central Florida; 2006.

4. Dziudat, Biernacki MP, Baran PM, Truszczynski O. The effects of simulated fog and motion on simulator sickness in a driving
simulator and the duration of after-effects. Appl Ergon. 2014; 45(3):406-12.

5. Kennedy RS, Lane NE, Berbaum KS, Lilienthal MG. Simulator Sickness Questionnaire: An Enhanced Method for Quantifying
Simulator Sickness. Int J Aviat Psychol. Lawrence Erlbaum Associates, Inc. ; 1993; 3(3):203-20.

6. Kowalczuk K. Wartos¢ diagnostyczna parametréw fizjologicznych podczas wywotywanej dezorientacji przestrzennej [Diagno-
stic value of physiological parameters during evoked spatial disorientation]. Pol Przeglad Med Lotniczej. 2003; 10(1):7-22.
(Polish).

7. May JG, Badcock DR. Vision and virtual environments. In: Handbook of virtual environments: Design, implementation, and
applications. New Orleans, LA, US: Lawrence Erlbaum Associates Publishers; 2002, 29-63.

8. McCauley ME, Sharkey TJ. Cybersickness: Perception of Self-Motion in Virtual Environments. Presence: Teleoper Virtual
Environ. Cambridge, MA, USA: MIT Press; 1992; 1(3):311-318.

9. Ober J, Dylak J, Gryncewicz W, Przedpelska-Ober E. Saccadometry - new possibility for monitoring brain functional status
(in Polish). Nauka. 2009; (4):109-36.

10. Ober J, Malawski M. Wptyw niepozadanych reakcji przedsionkowo-okoruchowych na prawidtowos$é postrzegania wzrokowego
- badania symulacyjne na wiréwce. In: 1th IBIB National Scientific Conference. 1999. p. 557-560.

11. Sharples S, Cobb S, Moody A, Wilson JR. Virtual reality induced symptoms and effects (VRISE): Comparison of head mounted
display (HMD), desktop and projection display systems. Displays. Elsevier; 2008 Mar 1; 29(2):58-69.

12. Stoner HA, Fisher DL, Mollenhauer M. Simulator and scenario factors influencing simulator sickness. In: Fisher DL, Rizzo M,
Cair JK, Lee JD, editors. Handbook of Driving Simulation for Engineering, Medicine, and Psychology. Boca Raton (FL): CRC
Press; 2011; 14(1): 14-24.

13. de Winkel KN, Talsma TMW, Happee R. A meta-analysis of simulator sickness as a function of simulator fidelity. Exp Brain
Res. Springer Science and Business Media Deutschland GmbH. 2022; 240(12): 3089-105.

Cite this article as: Biernacki M. Simulator Sickness and Its Relationship to Oculomotor Activity - Comparisons of a Fixed-
base Vs. Full-motion Simulator. Pol J Aviat Med Bioeng Psychol 2020; 26(3):12-17. DOI: 10.13174/pjambp.24.04.2023.02

© The Polish Journal of Aviation Medicine, Bioengineering and Psychology 2020 | Volume 26 | Issue 3|17




